ABSTRACT Residential air conditionings (RACs) can be seen as one of the important flexible demand resources controlled to provide balance services for the power system due to their spatial thermal storage feature. However, such control on RACs will bring out the negative impact on the comfort level of residents inevitably, affecting their proactivity in demand response (DR). So, a novel two-stage control model of large-scale RACs is proposed to participate in DR considering different comfort sensitivity of various residents. The comfort sensitivity index is developed in terms of daily operation time and daily power consumption per area of RACs, classified by K-means clustering. Besides, the DR potential of RACs is established with the adjusted temperature setpoint, where the temperature setpoint is determined by the comfort sensitivity index. Moreover, a two-stage control model of large-scale RACs is proposed comprised of load response and recovery, where the corresponding control strategies at each stage are proposed. Simulations of the proposed method have been performed on residential 20,000 RACs to validate its effectiveness in Changzhou, China. The outcome reveals that the strategies could maximize the DR potential of RACs and ensure the stable recovery of RACs under the premise of meeting the comfort demand of differentiated population.
I. INTRODUCTION
Under the influence of various factors like climate change, developing economy and consumption, residential air conditionings (RACs) have entered into a rapid development stage in China, while the number of RACs per 100 households has grown from 18.3 in 1997 to 128.6 in 2017. It is predicted that the penetration rate of RACs in China will go on increasing, compared with 281.7 in Japan in 2017.The substantial increase of RACs brings huge peak pressure to the system during summer and winter [1] , [2] . In some big cities, the load proportion of RACs has reached 30%∼40% at summer, and in Shanghai, this number even exceeds 50%. Obviously, RACs have strong seasonal and random characteristics, which bring a critical peak regulation problem. To meet the increasing ramp and capacity demands, the regulating generators may be unable to operate close to their preferred operating points, and this may result in lower efficiencies.
The associate editor coordinating the review of this article and approving it for publication was Xiangtao Li. On the other hand, it is proved that the intrinsic insensitivity to temperature fluctuations of RACs may be used to control their power consumption, as well as spatial storage capacity, enabling RACs to provide an array of service to the system [3] , [4] . Compared with the traditional investment on the supply side, like building a new power plant, the aggregated RACs on the demand side has an advantage on high cost-effective and low carbon emission [5] . Therefore, RACs is an important option for power companies as a flexible demand response (DR) resource [6] - [8] , and it is demonstrated in some recent studies that RACs can perform well in DR projects. A PG&E pilot included nearly 2,000 residential households with control devices, that were instructed to cause an immediate and complete shutdown of the air conditionings compressor 71 times over a two and half month period in 2009 [9] . An appliance level consumption monitoring project proved the response potential of RACs account for 9% of total peak demand across the Australian State of New South Wales over 2012-2014 [2] . Since 2013, an ACs pilot has been carried out by Jiangsu Electric Power Company in China, with central ACs as main parts and de-centralized ACs as auxiliary parts, forming a data-base of 300MW load as flexible resources [10] , [11] . In 2016, the project named Friendly Interactive System of Supply and Demand (FISSD) started, supported by Ministry of Science and Technology of the People's Republic of China [12] . This project involves in 110,000 residents, planned to provide at least 30-40MW flexible resources from 200,000 RACs by 2020.
There are two control methods of RACs in DR: One is switch control [13] , which means to turn off RAC load directly during the peak periods, according to the relevant strategy. It is easy to gain high capacity, whereas it is hard to gain resident acceptance if their comfort demand are compromised, not to mention widespread implementation. The other is temperature control [7] , [14] , which means to adjust the AC temperature setpoint to respond the signal from the grid, balancing the response goal and resident comfort better. This method can also gain considerable regulatory capacity after polymerization, fulfilling the regulation goal on a longer timescale [6] , [15] .
However, such control methods on RACs will bring out the negative impact on the comfort level of residents inevitably, affecting their proactivity in DR. Much work has been reported to handle the comfort level recently, such as by meeting the set temperature [16] or aiming at the minimum deviation between the actual and the set temperature [17] , or setting the upper and lower limits of temperature as constraint conditions [18] , or through Predicted Mean Vote (PMV) and Predicted Percentage of Dissatisfied (PPD) indicators [19] , [20] . But the previous research has not paid attention to comfort level diversity of residents, whereas treated equally, even with the same control strategy. It is likely happen that the temperature adjustment is so small just for meeting the needs of some residents, or a certain control strategy is difficult to meet the comfort demands of all residents. In contrast, it needs a large number of surveys, modeling and other means to establish a detailed and comprehensive resident comfort model, with poor dynamic correction, high project cost and easy exposure of resident privacy. Also, it may have high computational complexity when the number of RACs is large, that is why only 40 RACs are studied to verify the feasibility of the algorithm [21] , suitable for small scale spots like houses, buildings or microgrid. Undoubtedly, the comfort level is a major problem that can affect the wider penetration of RACs strategies [18] , and how to make a tradeoff between accurate assessment and fast calculation, while still guaranteeing resident comfort level, is still an open problem [22] .
In the other hand, due to the disordered recovery strategies of RACs, the aggregated power contains a lot of fluctuations even a new peak after DR, which directly affect the grid security [23] . To track this problem, the load rebound inhibition of RACs was considered [24] , [25] , but the aggregated potential of RACs was greatly reduced due to the restraint of load rebound, even its supporting role for safety and reliability in the grid dispatching was lost partly. Moreover, a time-segment recovery and control mechanism for RACs is proposed relying on the real-time state monitoring [18] , requiring higher requirements for local controller and communication, which is also difficult for large-scale application.
In view of this, we present a novel control strategy of RACs solving the two problems listed above. The comfort sensitivity index of different population respecting engineering application is designed, which is introduced to the two-stage control model comprised of load response and recovery.
The advantages of the proposed control model are threefold:
1) To form the practical comprehensive index of com-fort sensitivity in terms of daily operation time and daily power consumption per area of RACs, classified by K-means clustering, which is suitable for engineering applications.
2) To develop the first-order Equivalent Thermal Parameters (ETP) based control model of RACs with com-fort sensitivity, that control potential is expressed with the adjusted temperature setpoint.
3) To propose a two-stage control model comprised of load response and recovery by aggregating the large-scale RACs in DR, with the maximization of comfort satisfaction.
The remainder of this paper is organized as follows: Section II presents the control model of RACs considering comfort sensitivity. Section III focuses on the two-stage control model of large-scale RACs. Section IV presents and discusses the results of numerical simulations. Finally, the conclusions and future work are summarized in Section V.
II. RESPONSE POTENTIAL MODEL OF RACs WITH COMFORT SENSITIVITY

A. CLUSTER OF COMFORT SENSITIVITY OF DIFFERENTIATED POPULATION BY K-MEANS
The comfort level is the subjective description of the overall suitability of thermal sensation like cold, warm and hot in the environment, which is a significant individual variation [27] . At present, the widely recognized factors affecting comfort level include temperature, relative humidity, wind speed, air pressure, and human body factors (such as human metabolic rate and clothing thermal resistance), among which temperature has the deepest influence [28] .
In this paper, comfort sensitivity refers to residents' comfort preference level, which is easily affected by indoor and outdoor temperature and humidity, human body state, etc. Considering its high dynamic and uncertainty feature, it is obvious that comfort sensitivity varied individually, even the same person in the same thermal environment differs strongly from time to time, and the difference in comfort sensitivity of RACs will be reflected in the consumption behaviour directly. Residents with higher sensitivity tend to have higher requirements for comfort level and use RACs more frequently, while residents with lower sensitivity are less willing.
The residential consumption behavior on RACs in this context reflects in two aspects, one is when, namely the operation time of RAC, the other is how many, namely power consumption of RAC. Considering that the power consumption is associated with family members and indoor area greatly, the index power consumption per area is selected instead of power consumption for more accurate assessment. Here, the comfort sensitivity index is extracted from the prospective of time and power consumption, with daily data as the unit.
Index 1: daily operation time of RAC, representing the sensitivity of the resident to outdoor thermal environment. Under the same condition, the longer the daily operation time is, the worse the residential resistance to outdoor thermal environment and the greater the probability of using RAC is, shown as
where I is the set of all the RACs, J is the set of all the days, T day is the set of all the times periods, which is divided into 96 time periods for every 15 minute interval in one day. θ ij1 is the daily operation time of RAC i on day j, D AC ij (t) is the power consumption of RAC i at time t on day j, and N (·) is the operation state function of RAC i at time t on day j. When the power consumption at time t is less than the power threshold ε, RAC i is considered to be in the OFF state, otherwise, it is ON.
Index 2: daily electricity consumption per area of RAC, representing the sensitivity of the resident to indoor thermal environment. Under the same condition, the larger daily electricity consumption per area is, the higher the residential requirement for indoor thermal environment and the greater the probability of using RAC is, defined as
where θ ij2 is daily electricity consumption per area of RAC i on day j, and A i is domestic floor area of RAC i.
As the comfort sensitivity index only includes two categories, the weighting method is chosen for its simple, fast and clear scheme with clear physical meaning, described as
where θ ij is the comfort sensitivity index of RAC i on day j, α 1 is the weighted coefficient of index 1, α 2 is the weighted coefficient of index 2, α 1 + α 2 =1. θ * ij1 is per-unit value of index 1, and θ * ij2 is per-unit value of index 2. The comfort sensitivity index is a subjective and dynamic variable essentially. During the large-scale RACs control process, it is difficult or unworthy to assess the index of some resident at a certain moment with full accuracy, which cannot support a deeper and more comprehensive understanding of large-scale RACs behavior. Therefore, the comfort sensitivity analysis is preferred to consider as a comparison or relative value between residents in this paper. K-means clustering, based on the idea of average value, divides users into K clusters [2] , which is an easily understand and simple classified method. Here, K-means clustering is adopted to cluster indexes, and comfort sensitivity KM i is divided into three categories, where HS, MS and LS represent the comfort sensitivity of high, middle and low, respectively.
The calculation process of comfort sensitivity of residents is shown in Appendix A.
B. RESPONSE POTENTIAL MODEL OF RACs WITH COMFORT SENSITIVITY
RACs are assumed to have same thermal characteristics and use the same control functions, which can be simplified further by a first-order ETP model [3] , [5] to portray the dynamic process of indoor temperature as shown in (5)- (6).
where t is the control time interval of RACs. η is energy efficiency coefficient, R is equivalent thermal resistance, C is equivalent heat capacity, e is the natural base constant. P is the operating power and P rate is the rated power (Cooling mode considered in this paper only). T set is the temperature setpoint at time t. δ is the temperature dead-band. T in (t), T o (t) represent the indoor and outdoor temperature, respectively. When the temperature reaches the lower bound T set -δ/2, the RAC switches OFF, and when the temperature reaches the upper bound T set + δ/2, it switches back on. The effect of outdoor temperature on the power consumption of RACs has been verified [22] , which is regarded as a 15-minute variable in this paper. Let
Then (5)- (6) can be rewritten as
Define
where P a (t) is the total power of RACs. In addition, T o (t) − T in (t) and X 1 are independent of each other, X 2 and 126346 VOLUME 7, 2019 T in (t) are also independent of each other. So (10) where T in (t) is the average indoor temperature, T set (t) is the average temperature setpoint. It can be seen that (10) is the aggregated model of RACs, which describes the dynamic relationship between the total power and temperature setpoint.
Then, the temperature setpoint adjustment with respect to the comfort sensitivity index is shown as
where K i is the maximum upper temperature adjustable range of RAC i. K base,i is the basic temperature adjustable range of RAC i. M i is comfort sensitivity coefficient, m is the constant, satisfies 0< m <1. The lower the comfort sensitivity index is, the more upper temperature adjustable range is.
Assuming that there are n t RACs that every RAC carry out the temperature control strategy from T set,i to T new set,i at time t independently, the total response potential of RACs is
where P a is the total response potential of n t RACs at time t. T set,i and T new set,i are the temperature setpoint before and after control, respectively. k i is the adjustment of RAC i in a temperature range of [1, K i 
In order to ensure the equal participation of each RAC in DR, the difference of temperature adjustment of any two RACs is required to be less than or equal to 1 • C, as shown in (15) , avoiding that some RACs have quite large adjustment while others have small adjustment or even do not participate.
where k 1 and k 2 are the adjustment temperature range of RAC i 1 and i 2 , respectively.
III. TWO-STAGE CONTROL STRATEGY OF LARGE-SCALE RACs A. CONTROL FRAMEWORK FOR RACs
In the conventional DR event, the power company exits the regulation process and the load is restored by users at random when the control goal is reached. However, it is very likely that disorderly modulation of RACs will lead to a load rebound effect caused by large-scale RACs before or after DR, which deserves special attention [21] . To avoid this, the control process of RACs in this paper works by dividing into two stages: 1) load response stage, and 2) load recovery stage, and the control framework for RACs are depicted in Fig.1 . When received the control goal from the dispatching center (including the response and recovery goal), the control center will optimize the two-stage control strategies in combination with comfortable sensitivity clustering results and real-time information of RACs like the ON/OFF state and original temperature setpoint, then transformed them into control signals to each RAC. Here, the control signal is sent only once in every stage, avoiding multiple interactions with each RAC to reduce the communication and computation greatly. The optimization time is less than 10s. Since the room temperature will not change significantly within several seconds, the influence of the data gathering time and the computation time of the proposed model are both tolerable.
B. TWO-STAGE CONTROL MODEL
The concept of comfort factor measured in • C·h was put forward to denote resident satisfaction [21] . For example, 10 • C·h may stand for a decrease/increase of 1 • C for 10 hours or 2 • C for 5 hours, etc. We can see that the higher the comfort factor is, the lower the comfort satisfaction is. In this paper, the comfort factor concept is followed while the influence of comfort sensitivity is introduced. Under the same comfort factor, the higher the sensitivity is, the lower the comfort satisfaction is. Then, the comfort factor function of RAC i is
where u 1 i,t is the control state of RAC i, when u 1 i,t is zero, it means RAC i is in the OFF state at time t, and when u 1 i,t is one, it means RAC i is ON at time t.
Therefore, the objective is to minimize the comfort factor of all RACs, namely the maximization of comfort satisfaction.
Subject to:
where T is the set of all time periods of two-stage control, T = T 1 + T 2 , T 1 and T 2 means the time periods of stage I and II, respectively. n i,t is the state transition judgment of RAC i at time t, n 1 t is the state transition number of RACs at time t. n 2 t has the same meaning of n 1 t . P DR is the response goal in stage I. P grid is the recovery goal in stage II. k 1 i and k 2 i is the adjustable temperature range of RAC i in stage I and II, respectively, satisfying k 2 i = −k 1 i . Constraint (18) ensures that a certain AC can only conduct one strategy at most. When u 1 i,t is one, it means RAC i is controlled at time t in stage I, and when u 1 i,t is zero, it means RAC i is not controlled at time t in stage I. Constraint (19) means the new temperature setpoint is related with the control state and adjustment. Constraints (20) is to judge state transition of RAC i at time t, when the value is zero, it means there is no state transition of RAC i at time t in stage I, and when the value is one, it means there has the state transition of RAC i at time t in stage I. Equation (21) is to calculate the state transition number of RACs at time t. Constraint (22) requires that the response power must satisfy the response goal. As like the constraint (18) in stage I, constraint (23) ensures that a certain AC can only conduct one strategy at most in stage II. Constraint (24) requires that the adjustable temperature range in stage II should be kept in accordance with stage I, for restoring RACs to the original state. Constraint (25) ensures that the aggregated power cannot exceed the recovery goal.
IV. TWO-STAGE CONTROL PROCESS OF RACs
The specific control process of RACs considering comfort sensitivity in DR is shown in Table 1 . After optimization, the two-stage control vector θ =[t, n t :
] is formed, and sent to every RAC to execute.
V. NUMERICAL RESULTS
A. RAW DATA AND BASIC ANALYSIS
The data for this study comes from the FISSD project conducted by Chinese largest electricity distribution network provider, Jiangsu Electric Power Company, over 2016-2020. The project is planned to be the largest residential interactive application of smart grid in China. Every 15 minute interval meter data of main appliances like RAC was collected for 110,000 households from two regions (Changzhou and Suzhou City) in Jiangsu Province.
On August 12, 2018, we divided 20,000 RACs to 400 groups with 50 RACs each. The response goal is 2500kW within 14:00-15:00. All RACs should be restored to the original state orderly before 16:00 with the duration of one hour maximum. The rebound goal is 14,000kW. For better understanding, the aggregated power is demonstrated every minute. Hence, the time horizon is composed of different 60 time slots in stage I and 60 time slots in stage II. The relevant parameters of RACs are given in Table 2 . The varying outer temperature on a 15 minute basis is shown in Fig.2 . In practice, some RACs runs for almost the entire day, while a small part don't run at all. It can be inferred that those 'not run at all' RACs load curves may means residents are absent from home. An understanding of these difierent RAC operational profiles is the key to assess possible behaviours and their likely impacts. RAC profiles from the project (take 100 RACs as example) are shown in Fig.3 . For better analysis, we decide to study the three highest summer peak days from August 1 to August 11. It is assumed that α 1 = 0.4, α 2 = 0.6 here. It can be seen from Fig.3 that, the average power of RACs presents obvious double-peak characteristics. The first peak occurs between 12:00 and 14:00 with the average power between 0.6 kW and 0.7 kW, for most residents go home to cook or rest. Then, the second peak appears in the evening, due to most residents have arrived home between 20:00 and 23:00, resulting in another peak that the average power consumption increases to 1kW. However, it is evident that there are obvious poor-rich disparities from the perspective of operation time and power consumption of each RAC for different living habits and usage patterns, as depicted in Fig. 4 . 
B. CLUSTERING RESULTS OF RACs
K-means clustering [2] is performed on the comfort sensitivity index based on the power consumption data in Fig. 5 to categorize the usage patterns of RACs during peak days. It is chosen for analysis owing to the ease of implementation and simplicity offered by it. K-means clustering partitions the indexes into K number of clusters, where each index belongs to the cluster with the nearest mean. K-means clustering for this analysis is performed in Matlab software. The clustering is repeated 3 times with difierent random initialization to improve the final results and make the cluster centroids and members less independent of a particular starting point. The proportion of high sensitivity, middle sensitivity and low sensitivity is 39.8%, 44.6% and 15.6%, respectively, while relevant clustering centre is 0.79, 0.58 and 0.27 in Table 3 . The clustering results are shown in Fig.5 and Figure. 2) Middle sensitivity RACs. In this category, most RACs' operating time is between 6-12h. It should be noted that, in the clustering data pre-processing, the default is middle sensitivity for residents who aren't at home, so the daily electricity consumption per area below 0.05 kWh/m 2 or the daily operation time less than 6h ones also belongs to the middle category partly.
3) Low sensitivity RACs. The RACs with daily electricity consumption per area below 0.05kWh/m 2 , or daily operating time less than 6h belongs to the low category.
At 12:00 on August 12, 2018, according to the online date, only 13,725 RACs were online (the online rate was 68.6%). The numbers of high, middle and low sensitivity were 7,705, 4,480 and 1,540 respectively; accounting for 56.1%, 32.6% and 11.3%. It should be noted that in the clustering process, the middle sensitivity RACs includes some off-line ones. Combined with the online rate, the middle ones drop from 8,920 to 4,480, while the low ones drop from 3,120 to 1,540, both with a sharp decrease. In contrast, the high ones decline from 7,960 to 7,705 gently.
C. TWO-STAGE CONTROL RESULTS OF RACs
Here, the control process of 13,725 RACs in two stages is introduced. Then, the two-stage control results are verified by comparing three cases.
1) STAGE I: LOAD RESPONSE PROCESS
In stage I, the objective is to provide 2,500kW response load in 60 minutes. Fig.6 and Fig.7 reveal the number of controlled RACs and response load at each minute. In the 1 th minute, the number of modulated RACs is at the top spot, reaching 3,300 units, while each RAC provides an average response volume of 0.75kW. Due to the delay adjustment of power after RAC state changed [3] , the 1 th regulation brings a response load of 2,500kW as long as 9 minutes, as shown in the yellow shadow in Fig.7 . The 2 th control started in the 10 th minute with 100 RACs controlled, whose impact on the response load was shown in the rose shadow of Fig.7 . Likewise, the subsequent controlled number per minute is between 100 and 600, and the control is suspended in the 19 th minute, resumed in the 25 th minute and repeated until the end of stage I.
In stage I, 540 low sensitivity RACs (blue-green bars in Fig.6 ) performed +1 • C strategy in the 1 th minute, while 1,000 low sensitivity and 1760 middle sensitivity RACs with +2 • C strategy (blue and green bars in Fig.7) . The high sensitivity RACs (black bars in Fig.7 ) executed +2 • C strategy in the 16 th minute.
The comprehensive control effect results of different times are presented in Fig.7 , meaning that this control effect at some time will continue to the subsequent periods. Take yellow bars for example, the positive control effect in the 1 th minute falls sharply from the 10 th minute, and has a negative impact in the 15 th minute, which leads to more number of RACs to offset the negative response value. This is why different RACs number needed in every minute to fit the goal. It should also be noted that the response power exceeded the goal more in sometimes like the 22 th and the 35 th minute. Although there is no new ACs controlled, it is affected by the comprehensive effect of the previous regulation in the subsequent times, presented clearly in Fig.7 .
It can be seen that all the aggregated response power show good performance with respect to 2,500 kW goal in Fig.7 , with the maximum of 2,989.9 kW, the minimum of 2,500.7 kW and the average of 2,612.4 kW.
The average relative and absolute error in Fig.8 reveals 4 .5% and 112.4 kW, respectively. 
2) STAGE II: LOAD RECOVERY PROCESS
In stage II, the objective is to ensure the aggregated power is less than 14,000kW in 60 minutes. As illustrated in Fig.9 , the maximum control number of RACs also occurs in the 1 th minute, with 2,000 units. Because of the delay adjustment of power after RAC state changed [3] , the 3 th regulation starts in the 6 th minute. The follow-up RACs number is between 200 and 600, and the load recovery stage ends in the 38 th minute. Throughout the process, the high sensitivity RACs shown in the black bar restore in the 1 th minute with −2 • C strategy, the middle ones shown in green bars start in the 19 th minute with −2 • C strategy, and the low ones perform at the 34 th minute with −2 • C strategy and the 37 th minute with −1 • C strategy, respectively. The aggregated power of RACs is described in Fig.10 , with the red straight line denoting the recovery goal 14,000kW. It can be seen that the rebound power is always below the recovery goal, and the overall rebound power performs well, with an average value of 13,114.2 kW and a relative error of 6.3%.
3) COMPARISON OF CONTROL RESULTS
For the sake of comparison convenience, three case studies are provided as follows. • Case I: Consideration of both differentiation sensitivity and two-stage control.
• Case II: Consideration of differentiation sensitivity neglecting the rebound constraints, that RACs obey a uniform distribution rebound.
• Case III: Consideration of two-stage control neglecting differentiation sensitivity constraints. Fig.11 depicts the aggregated power in three cases, with the black dotted baseline. In case I, it is evident that the aggregated power show a concave trend satisfying the response goal from 14:00 to 15:00, while the average aggregated power is greatly reduced from 12,000kW to 9,500kW. Besides, all RACs start to rebound in an orderly manner and perform well from 15:00 to 15:38, relieving the load rebound effect as possible as we can.
In case II, assuming a uniformly rebound load as an original condition, it can be easily seen that, two quite shocks have been brought to the system, even reached 15,490kW at the top, exceeded 10.64% of the recovery goal, which is also because of the interaction effect among RACs mentioned in Fig.7 .
In case III, 96.03% of RACs (about 13,060 RACs) perform +2 • C strategy, while 3.97% of RACs (about 540 RACs) VOLUME 7, 2019 perform +1 • C strategy, ignoring comfort sensitivity of differentiated population. In terms of control time and comfort factor, the average in Case III were 53.9min and 103.87 • C·h, without considering comfort sensitivity in Table 4 . But in Case I, the average of low sensitivity were 95.1 min and 156.8 • C·h, the middle ones were 77.3 min and 154.5 • C·h, compared with 31.7 min and 63.4 • C·h of high ones. The results demonstrate the differentiation strategies of different comfort sensitivity residents, the higher the comfort sensitivity is, the shorter the control time and comfort factor are. What needs to be stressed that the longer the control time is, the more incentive the resident will get for fair, which is not discussed in this paper. So in this way, it can maximize the DR potential of differentiation RACs without affecting the control fairness. It should be noted that in Case I, the longer control time of middle ones is due to the big number of high ones, accounting for 55.73%. If the number of high ones is close to the low ones, the data with middle sensitivity will be closer to the data without sensitivity in Case III.
VI. CONCLUSION
In this paper, we propose a methodology for RACs management composed of two stages. Stage I load response stage is to regulate the mass RACs by differentiated temperature strategies to fix the response goal considering comfort sensitivity, which is defined by in terms of daily operation time and daily power consumption per area. Stage II load recovery stage is to schedule the RACs in an optimal way such that the rebound effect of DR is more stable. The results show that the reasonable strategies could make full use of the potential of RACs while ensuring the stable recovery without excessive rebound. As the FISSD project enters an interactive phase, it will provide a practical method for massive multi-party interaction in the real environment.
APPENDIX A
All resident data comes from the FISSD project, which stores the power data of main appliances of each resident in every 15 minutes every day. Sometimes, we found that the power consumption of some RACs is zero, mainly due to two situations, the resident is not at home, or RAC is OFF. For the first situation, the resident state can be identified by the state of other appliances (such as rice cookers, water heaters, etc.). For the second situation, the comfort sensitivity level is default to middle.
In a practical way, the data of the three highest temperature days is chosen for this clustering process. The clustering process of comfort sensitivity based on K-means clustering is in Fig.12 . 1) Data pre-processing: The power consumption of RACs i at time t on day j is got. In the case that the data of some RACs is zero in some days, if the number of such days is less than two, the level is defaulted as the middle comfort sensitivity, and this resident exits the clustering process. If residents have two or more days of existing RAC data, this resident enters into the clustering process normally.
2) Data calculation: the comfort sensitivity ratio of each resident is calculated according (1) [ 
